Our aim is to give a classification of all linear natural operators lifting skewsymmetric tensor fields of type (p, 0) to tensor fields of type (p, 0) on a Weil bundle T A . The result of this paper generalizes that of [5] , where linear natural operators lifting skew-symmetric tensor fields of type (2, 0) to skew-symmetric tensor fields of type (2, 0) on T A are studied under a condition imposed on the Weil algebra A. The condition required in [5] seems to be quite restrictive, as the algebras r k for k 2 and r 1 fail to satisfy it. In this paper we will not make any assumptions on A.
Let p be a non-negative integer. We will denote by te(M ) the vector space of tensor fields of type (p, 0) on a manifold M and by sk(M ) the subspace of te(M ) consisting of skew-symmetric tensor fields. Let A be a Weil algebra and T A the Weil functor corresponding to A, which is a product preserving bundle functor (see [3] , [1] ). Fix also a non-negative integer n.
A natural operator lifting skew-symmetric tensor fields of type (p, 0) to tensor fields of type (p, 0) on the Weil bundle T A is, by definition, a system of maps L M : sk(M ) −→ te(T A M ) indexed by n-dimensional manifolds and satisfying for all such manifolds M , N , every embedding f : M −→ N and all t ∈ sk(M ), u ∈ sk(N ) the following implication
Such a natural operator L is said to be linear if L M is linear for each n-dimensional manifold M .
Our first goal is to construct some natural operators of this kind. The construction will be divided into two parts. We will use equivariant tensors to obtain equivariant maps first, and then equivariant maps to obtain natural operators.
The first part of our construction will be carried out under the condition that p 1.
Since A is an -algebra, A-modules can also be treated as -vector spaces and 
A for i ∈ {1, . . . , p} and C ∈ A.
Definition. We call a tensor
Equivariant tensors may be multiplied by elements of A. Indeed, since p 1, there is i ∈ {1, . . . , p} and it sufficies to set CG = Z i,C (G) for C ∈ A and every equivariant tensor G. Since G is equivariant, it is immaterial which i we choose. It is evident that equivariant tensors form an A-module, because
We call an -linear map H : 
, where e 1 , . . . , e n stand for the standard basis of the vector space n , enables us to identify A n with A ⊗ n , and
. . , i p ∈ {1, . . . , n} are uniquely determined. An easy computation shows that if F :
Let G be an equivariant tensor. We define
It is easily seen that H G is an equivariant map. Thus the first part of our construction is complete. Before we start the second part of our construction we make a few remarks dealing with the symmetry and skew-symmetry of tensors.
Fix σ ∈ S p . We will denote by σ A the map
A and by σ A n the map
. . , p} and every C ∈ A. It follows that for every equivariant tensor G the tensor σ A (G) is also equivariant and the restriction of σ A to the A-module of equivariant tensors is Alinear. Moreover, it is easily seen that
This forces
provided p n.
We now return to our construction and proceed to the second part. Fix an equivariant map H. The task is to construct a natural operator which we will denote by H.
We recall that A = T 
A n according to our identification. On the other hand we have
which is A-linear for every X ∈ T A W , as is easy to check, and so we have Λ T A f :
It is a simple matter to prove that 
It is a simple matter to prove that
Let M be an n-dimensional manifold and t ∈ sk(M ). Taking a chart ϕ : U −→ n on M and interpreting p T n as n × p n we have the map T
This enables us to define H M (t) by the requirement that
for every chart ϕ : U −→ n on M . A trivial verification shows that taking another
), where P stands for the projection ψ(U ∩ V ) × n −→ n , and (6) for f = ψ • ϕ −1 . This means that H M (t) is well defined and it is easy to
show that H is a linear natural operator. Thus the second part of our construction is complete. Finally, we have the natural operator H G for every equivariant tensor G and we can now formulate our main result. H G lifts all skew-symmetric tensor fields to symmetric tensor fields if and only if G is skew-symmetric.
Remark. For p = 0 the theorem and the lemma below are not true, but the second part of our construction still works and we have a one-to-one correspondence between the natural operators and the equivariant functions (cf. [4] ).
Let e ∈ sk( n ) be given by e(x) = (x, e 1 ∧ . . . ∧ e p ) for x ∈ n .
Lemma. If 1 p n and J, K are two linear natural operators such that
Since linear natural operators form a vector space, it suffices to prove that if L is a linear natural operator such that L n (e) = 0 then L = 0. We will write T A 0 n for the fibre of T A n over 0.
We prove that L n (e α,i )| T A 0 n = 0 for every i ∈ {0, . . . , p−1}, where e α,i ∈ sk(
This holds for i = 0, because e α,0 = e. Assume that i 1 and the formula holds for i − 1. It is well known that there exist a neighbourhood I of 0 in and an embedding g : I −→ such that g(0) = 0 and T g(x, 1) = (g(x), 1 + g(x) αi ) for every x ∈ I. Then (1) for f = id i−1 ×g × id n−i , t = e α,i−1 and u = e α,i−1 + e α,i yields the desired formula. Let e α ∈ sk( n ) be given by e α (x) = (x, x α e 1 ∧ . . . ∧ e p ) for x ∈ n . It is well known that there are a neighbourhood I of 0 in n−p+1 and an embed-
. . , i p ∈ {1, . . . , n} be such that i 1 < . . . < i p and let
there are τ ∈ S n such that τ (1) = i 1 , . . . , τ (p) = i p and α ∈ (% ∪ {0}) n such that
) ∈ n , t = e α and u = e β,i1...ip yields L n (e β,i1...ip )| T A 0 n = 0. Obviously, for every t ∈ sk( n ) and every r ∈ % there is a polynomial q ∈ sk(
Hence the baseextending Peetre theorem (see [3] ) gives L n (t)| T A 0 n = 0. This forces L = 0, as is easy to show, and the lemma is proved.
for every X ∈ A n .
Taking f = h id n , where h ∈ \ {0}, t = e and u = h p e in (1) and letting h → 0 we obtain L n (e)(X) = L n (e)(0) for every X ∈ A n . Therefore there are
Taking f = id p ×h id n−p , where h ∈ \ {0}, t = e and u = e in (1) and letting h → 0 we obtain G i1...ip = 0 whenever there is j ∈ {1, . . . , p} such that i j > p.
Taking f = id l−1 ×h id × id n−l , where l ∈ {1, . . . , p} and h ∈ \ {0}, t = e and u = he in (1) and letting h → 0 we obtain G ) ∈ n , where τ ∈ S n is such that τ | {1,...,p} = σ, t = e and u = sgn σe in (1) we obtain G for every X ∈ A n .
Let i, j ∈ {1, . . . , p} be such that i = j. Then (1) for f :
t = e and u = e yields p T T A f (L n (e)(X)) = L n (e)(T A f (X)) for every X ∈ A n .
An easy computation shows that p T T A f (L n (e)(X)) 1,...,j−1,i,j+1,...,p = 1
whereas (L n (e)(T A f (X))) 1,...,j−1,i,j+1,...,p = 0. But for every C ∈ A there is X ∈ A n such that X j = C, and so Z i,C (G) = Z j,C (G). This means that G is equivariant.
The lemma now leads to L = H G , on account of (7) and (8).
Since the last assertions of the theorem are consequences of (3) and (4), the proof is complete.
